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ABSTRACT

A

V Three models of skill acquisition are proposed: ;
(1) Nonsituational, (2) Intermediate, and (3) :
» Situational. It is argued that only the third
can account for highly skilled performance.
A The type of emergency training program each
. suggests and the level of pilot performance
that each can be expected to produce is then
investigated. We conclude that only training
based on the situational model could possibly
produce highly skilled emergency response be-

havior.
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: THE SCOPE, LIMITS, AND TRAINING IMPLICATIONS OF THREE MODELS
. OF AIRCRAFT PILOT EMERGENCY RESPONSE BEHAVIOR
by
’ Stuart E. Dreyfus and Hubert L. Dreyfus
Air Force emergency response training programs take different
forms depending upon the model of skill acquisition presupposed.
In this paper, we shall distinguish three such models and discuss
their plausibility. We shall then show what type of emergency
training program each suggests, and the level of pilot performance :
that each can be expected to produce. ;
: I. THE NONSITUATIONAL MODEL OF EMERGENCY BEHAVIOR
? o A desituationalized (or formal) description of a pilot's £
;¢ i emergency behavior capacity would include the following: %
?* 1. A list of all cues, each of them recognizable independ- E
; ently of the situation in which they occur, which might é
f need to be taken account of in flying. Such context- é
free cues we shall call "features." (Features would in- %
clude, for example, altitude, runway length, engine-fire é
light, atmospheric and environmental conditions.) %
;‘ 2. An economical and exhaustive grid of descriptive cate- %
f. gories for decomposing each feature. (The altitude might ;g
i‘ be described to the nearest ten feet below 100 feet, to §
‘ the nearest 100 feet, between 100 and 2,000 feet, and §
. the nearest thousand feet above that. Runway length §

might be short, medium, or long; fire light on or off.)

3. A selection rule for determining the appropriate descrip-
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tive categories for each feature on the basis of specific
factors (instrument readings, control tower data, etc.).
{Less than 1,000 foot visibility might be classified as
Ypoor," a short runway might be defined as less than
4,000 feet.)

4, A state + response rule specifying the appropriate re-
sponse for each state, where the specification of the
descriptive category of each relevant feature constitutes
the state, and where a response is a particular seguence
of basic movements. (If a description of the state in-
cludes "altitude 200 feet, runway short, position immedi-
ately above beginning of runway," the appropriate response
might include "pull back on yoke and advance the throttle,
etc." These are the movements of an experienced pilot

executing a go around.)

An instructor pilot accepting this desituationalized descrip-
tion would teach the rules for determining the state description
and the appropriate response for each state. It might be helpful
to think of the instructor as directing his training toward the

left, i.e., abstract, logical, hemisphere of the trainee's brain.
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II. A SITUATIONAL MODEL OF EMERGENCY BEHAVIOR

A situational model explaining a pilot's capacity for success-
ful emergency behavior includes the following five concrete holistic
abilities currently associated with the right hemisphere of the

brain. Each of these abilities will be explained more fully in

what follows:

1. The ability to remember a sizeable set of typical spe-
cific situations (paradigms). (E.g., one situation might
be a normal landing with strong crosswinds, .arge crab

_ angle, and good visibility, etc.)

These memories, like most memories of situations, are in-

complete images, with gaps where details are irrelevant to
the situation.

2. The ability to perceive the current situation as similar
to one of these remembered paradigms.

3. The ability to notice when the current paradigm is no
longer adequate for perceiving the current situation.
(E.g., "This landing is not normal. I cannot correct the
crab angle and stay in the landing envelope.")

4, The ability to experience the current situation as simi-
lar to a different and more appropriate remembered para-
digm. Associated with each paradigm are various other
paradigms which experience has taught are appropriate if
the situation fails to fit the current paradigm in various
ways.

5. The ability to remember, along with each paradigm situa-

tion, an appropriate purposeful action. (E.g., in the
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landing situation above, the action might be to execute
a go around. The pilot in our example will now perceive
the situation in terms of a new paradigm, perhaps low

altitude, level flight.)

The remainder of this section wil’ be devoted to an explana-
tion of what we mean by paradigms, and a discussion of the ability
to create and use them.

Suppose an instructor devotes a simulator hour to construct-
ing problems involving estimated touchdown point beyond normal
landing zone. The instructor has presumably manipulated various
factors such as runway length and altitude and has pointed out
which variations change essential problem aspects, e.g., the
possibility of staying within the approach envelope, feasibility
of go around, etc. The point of the exercise is not that the
trainee should remember every particular instance, but rather
that he synthesize from this experience a picture of one or more
typical late touchdown emergency landing situations. Each of
these synthesized pictures is called a paradigm. This picture
need not be any of the specific situations simulated. Posner [1]
has shown that a subject who has been exposed to a series of
figures generated by deforming a nominal figure will subsequently
pick out the nominal figure as the best example of the series
even if it were not included in the original series. Similarly,
the trainee forms pictures of one or more typical late touchdown
emergency landing situvations, which need not ke any of the cases
actually simulated.

In the above discussion, we postulated the ability to rec-
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5
ognize the current situation as similar to an already acquired g
auppropriate paradigm. Learning more about situations involves i

) learning what other situations they may turn into. Hence, asso- 3
ciated with each paradigm are those exit paradigms which experi- ;

- enc* has shown might, in the normal course of events, supersede g
che current paradigm. The situational model is committed to the :
view that, as events change and a new situation is recognized as 5
eimilar to one of those expected, similarity recognition is a
primitive, achieved without answering the question: "Simiiar

B

w.th respect to what?".' )
i
: :
h

E
3
:

i

3
F

- This ability, although inexplicable from the point of view of an :
i

information processing model basing recognition on the iderntifica-
tion of primitive features, is compatible with another type of
physically realizable processing mcdel. (See Section VI.)
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III. AN INTERMEDIATE MODEL OF EMERGENCY BEHAVIOR

Only the behavior of a rank beginner would accord completely
with the nonsituaticnal model. On the other hand, only after con-
siderable experience does a pilot acquire the vast number of para-
digms necessary for the behavior described in the situational model.
In most situations, especially the most common emergency situations,
pilots' behavior is best described by an intermediate model which

postulates the following four abilities:

1. The capacity to recognize situations using abilities

.-? of Section II.

Since the pilot with limited experience has only a restricted set
of grossly defined paradigms, he requires in addition the follow-~

ing abilities in order to deterinine a course of action in specific

situations.

2. The ability to identify characteristics which stand out
in each remembered situation. These characteristics such
as crab angle, crosswind, and visibility will be called
aspects. MAspects stand out with various degrees of
salieney such as crucial, important or merely relevant.
Adjectives describing the nature of an espect (such as
"strong" "large", and "good") will be called descriptors.

3. The ability to remember a sizeable set of typical in-
stances (prototypes) of each aspect (e.g., typical good
and pcor visibilities independent of any specific flying

situation) and the ability to assign a descriptor to each
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relevant aspect in a situation being experienced, by see-
ing the specific instance of the aspect as similar to
one of these prototypes. (The airplane's position in the
landing envelope (aspect) is seen as high (descriptor)
because its position is similar to what the student pilot
has learned to call "high in the envelope" (prototype)
based on several practice landing approaches which were
described as "high" by the instructor.]

4., The ability to remember and use maxims. Maxims are pro-
cedures which, given the aspects of a situation, their

saliencies and their descriptors, specify an action such

as go around. These must be distinguished from rules

which are procedures for associating a response with a

state description. We have thus distinguished perform-

T T IR

ance based on situation »+ action maxims from performance
based on state -+ response rules as described in Secticn I. 5
&
%‘?
The remainder of this section will further explain aspects 3
and descriptors and discuss a pilot's ability to create and use %
them. §
e
2
Aspect: %
A paradigm has distinguishakle aspects. The distinction be- ﬁ
tween what we called "features" in Section I, and what we nean by §
=
"aspects" here, is crucial for understanding the differenc: be- &
g

tween the nonsituational and intermediate models. Aspects get
their meaning from the performer's experience-based sense of the

whole situation, i.e., the paradigm he sees himself in. Since

i . >
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aspects can be specified only on the basis of an understanding of
the particular whcle situation, situation urderstanding <s prior
to aspect specification.

Whereas, according to the nonsituational model a pilot pays
equal attention to all features such as instrument readings and
other objective data which he has heen taught are relevant in
order to determine what specific situation (state) he currently
is in, according to the situational model a pilot is at all times
already in a specific situation. From within this situation, the
pilot directly sses aspects of the situation. These aspects are

based on constellations of instrument readings and other cues,

but the pilot is not aware of these cues and can give no rule for

computing these aspects. He also sees these aspects as having
relatively greater and lesser importance (salience). Many instru-
ment readings and constellations that would be cues indicating

aspects of other sitvations are simply ignored.

Descriptors:

In an actual situation, the appropriate descriptors for tuea

et AT ALy FA A T RS R st

aspects are determined on the basis of similarity to prototypical

remembered descriptors. The prototypical descriptors are analo-

gous to tvpical remembered situvations (paradigms) except that

Ao TR

iy
e

prototypes are examples of aspects. Only after a trainee has

>

g dadls

Gl

acquired paradigms and meaningful aspects from real or simulated

P
o i«:_n\s; w52t vhad

i
B
:
L

flying experience can he acquire prototypes. "High in the ap-

s
:

proach envelope” can only make sense after the trainee has ac-

it
»

quired various landing paradigms of which the approach envelope

is an aspect. These prototypes can be based on direct experience

e i e % S So— —v s - - W A—
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or textbook examples. As is the case with paradigms, the proto-

types acquired need not be any of the specific examples experi-
enced or taught.

Having defined aspects and descriptors, we turn now to their
use. Initially, as a performer begins to recognize situations
using paradigms, he has only crude characterizations of the sort
of situations in whic.. he might find himself. Assuming a paradigm
with appropriate aspects and saliencies presents itself, it will be
seen as similar to the current situation even if there are signifi-
cant differences between the descriptor values of the aspects of
the paradigm and those of the current situation. Consequently, a
large number of real-world situations will be seen as similar to
each existing paradigm. Since, depending on how the descriptors
are filled in, different actions would be appropriate, the per-

former at this stage needs explicit procedures for determining the

Z

7

z

appropriate action for each possible realization of the descriptors. E
1

These procedures are called maxims. When situations are recognized 3

in the manner described in the situational model, but actions are

calculated on the basis of explicitly recognized aspects and descrip-

A St Wih it $ Gty bbbl

tors, one might speculate that a right hemisphere holistic brain

process has been coupled with a left hemisphere explicit calcula-

tion.
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With experience each paradigm will be replaced by several

paradigms, each of which is more specific than the original para-

digm. For example, the single paradigm, normal landing situation,

might be replaced by normal landing with strong crosswinds on a

) WSy e
e a0 IO AR

short runway, normal landing with strong crosswinds on a long run-

o Lot

way, etc., no matter what the crak angle and position in the land-

R N Y S e e e R S AL

e ——_ S ———— ——p— & £ A=~ o =




1,
il

Fadd
4
v

NIy Y L IFTWE L KT RET WY JSVIRETY T .y T o - T cerry e e s >
Nt I M e A K TR O S N e SIS ot 0. NSt S o M- NI s S S

S 6O M ) 300

ing envelope. These paradigms in turn will be further refined.

i e i

)

For example, the normal landing with strong crosswinds on a

short runway, might be replaced by several paradigms with differ-

»

AN St SR B At s b

ing crab angles and positions in the landing envelope. As this

refining of situations occurs, the number of different actions
evoked by specifying different sets of descriptors (see ability

4 above) is progressively reduced. Likewise, the number of
different sets of possible exit paradigms evoked by specifying
different sets of descriptors is progressively reduced. Finally,
with enough experience in a particular limited tyse of problem
situation, the performer will see as similar to a specific para-

digm only situations calling for the same action and normally

»

R

i

capable of turning into one or another of the same set uf exit

situations. At this point, the (right) brain of performers who

2

T R e T S

have often experienced a certain type of situation contains sit-
uation/action pairs so that, given the situation, it is not in
principle necessary that aspects be recognized and assigned de-
scriptors or that maxims e used in order to determine actions.
Associating actions directly with paradigms, rather than

using analytical processing involving aspects and maxims, is be-

havior in accord with the situai.ional model (see Section II) and

b A A 30 A

produces highly competent performance. Since experience can

directly teach the appropriate action, no guiding maxim need

exist. This mental process is cognitively economical in that even

t
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with vast experience, a performer need acquire far fewer para-

»

digms than there are aspect-salience-descriptor sets since many
situations encompassing whole ranges of descriptors can be seen

as similar to the same paradigm as long as the action called for
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